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@ An electron beam generating apparatus for 
an electron beam source having surface con- 
duction electron emitting devices formed on a 
substrate, includes a measuring unit for 
measuring a device current flowing through 
each of the surface conduction electron emit- 
ting devices, a device cunrent storage unit for 
storing data measured by the measuring unit, a 
comparing unit for comparing latest data 
measured by the measuring unit with the data 
stored in the device current storage unit, a 
correction value storage unit for storing a cor- 
rection value for correcting a driving signal to 
be applied to each surface conduction electron 
emitting device, and an adjusting unit for ad- 
justing the correction value stored in the cor- 
rection value storage unit An image display 
apparatus and a method of driving the ap- 
paratus also are disclosed. 
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1 EP 0 661 

The present invention relates to an electron beam 
generating apparatus including electron emission de- 
vices, an image display apparatus using this electron 
beam generating apparatus, and a method of driving 
these apparatuses. 5 

Thermionic cathodes and cold cathodes are con- 
ventionally known as electron emission devices. As 
cold cathodes, a field emission device (to be abbre- 
viated as an FE device hereinafter), a metal/insula- 
tor/metal emission device (to be abbreviated as an 10 
MIM device hereinafter), and a surface conduction 
electron emitting device are known. 

Known examples of the FE device are W.P. Dyke 
& W.W. Dolan, "Field emission", Advance in Electron 
Physics, 8, 89 (1 956) and C.A. Spindt, "Physical prop- 1 5 
erties of thin-film field emission cathodes with molyb- 
denium cones", J. Appl. Phys., 47, 5248 (1976). 

One known example of the MIM device is C.A. 
Mead, "Operation of tunnel-emission devices", J. 
Appl. Phys., 32, 646 (1961). 20 

As the surface conduction electron emitting de- 
vice, M.I. Elinson, Radio Eng. Electron Phys., 10, 
1290 (1965) and other devices to be described later 
are known. 

The surface conduction electron emitting device 25 
uses a phenomenon in which electron emission is 
caused by flowing a current parallel to the surface of 
a thin film with a small area which is formed on a sub- 
strate. Among the surface conduction electron emit- 
ting devices that have been reported, in addition to 30 
the above-mentioned device by Elinson et al. which 
uses a thin Sn0 2 f ilm, are a device using a thin Au film 
[G. Dittmer "Thin Solid Films", 9, 317 (1972)], a de- 
vice using a thin In 2 03/Sn0 2 film [M. Hartwell and 
C.G. Fonstad: "IEEE Trans. ED Conf.", 519 (1975)], 35 
and a device using a thin carbon film [Hisashi Araki 
etal.: Vacuum, Vol. 26, No. 1, 22 (1983)]. 

Fig. 23 is a plan view showing the device by M. 
Hartwell described above, as a typical example of the 
device structures of these surface conduction elec- 40 
tron emitting devices. Referring to Fig. 23, reference 
numeral 3001 denotes a substrate; and 3004, a thin 
conductive film of a metal oxide formed by sputtering. 
As in Fig. 23, the thin conductive film 3004 is so 
formed as to have an H-like planar shape. On the thin 45 
conductive film 3004, an electron emission portion 
3005 is formed by electro-processing called "energi- 
zation forming" (to be described below). In Fig. 23, a 
distance L is set at 0.5 to 1 [mm], and W is set at 0.1 
[mm]. Note that in Fig. 23, the electron emission por- so 
tion 3005 is illustrated as a rectangular portion in the 
center of the thin conductive film 3004 for conve- 
nience, but this is merely a schematic illustration of 
that portion. That is, the position and shape of an ac- 
tual electron emission portion are not precisely de- 55 
picted in Fig. 23. 

In the above surface conduction electron emit- 
ting devices represented by the device by M. Hartwell 
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et al., it is the general approach to form the electron 
emission portion 3005 by performing electro-proc- 
essing called energization forming for the thin con- 
ductive film 3004 prior to causing electron emission. 
The energization forming is the processing in which 
a constant DC voltage or a DC voltage which rises 
very slowly, e.g., at a rate of 1 V/min is applied across 
the thin conductive film 3004 to locally destroy, de- 
form, or modify the thin conductive film 3004, thereby 
forming the electron emission portion 3005 in an elec- 
trically high-resistance state. Note that a fissure is 
formed in a portion of the thin conductive film 3004 
which is locally destroyed, deformed, or modified. 
Electron emission is performed near this fissure upon 
application of an appropriate voltage to the thin con- 
ductive film 3004 after the energization forming. 

The surface conduction electron emitting device 
described above is simple in structure and easy to 
fabricate. The result is the advantage that a large 
number of devices can be formed across a large area. 
For this reason, a method of driving an array of a num- 
ber of these devices is being studied as disclosed in, 
e.g., Japanese Patent Laid-Open No. 64-31332 filed 
by the present applicant. 

Also, as applications of the surface conduction 
electron emitting devices, the studies have been 
made on, e.g., image forming apparatuses, such as 
image display apparatuses and image recording ap- 
paratuses, and charged beam sources. 

In particular, as an application of the surface con- 
duction electron emitting device to an image display 
apparatus, an image display apparatus making use of 
a combination of the device and a phosphor which lu- 
minesces when irradiated with an electron beam is 
being studied, as disclosed in, e.g., U.S.P. No. 
5,066,883 or Japanese Patent Laid-Open No. 2- 
257551 filed by the present applicant. These image 
display apparatuses using the combination of the sur- 
face conduction electron emitting device and a phos- 
phor are expected to provide better characteristics 
than those obtained by conventional image display 
apparatuses of other types. For example, image dis- 
play apparatuses of this type can be said to be super- 
ior to liquid crystal displays that have become popular 
in recent years, in that these apparatuses require no 
back light because they are of a self-luminescing type 
and have a wide viewing angle. 

The present inventors have attempted fabrica- 
tions of various surface conduction electron emitting 
devices different in material, fabrication method, and 
structure, including the conventional devices descri- 
bed above. Also, the present inventors have made ex- 
tensive studies on a multiple electron beam source in 
which a large number of the surface conduction elec- 
tron emitting devices are arranged, and on an image 
display apparatus to which this multiple electron 
beam source is applied. 

As an example, the present inventors have tried 
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a multiple electron beam source based on an electri- 
cal wiring method as illustrated in Fig. 22. In this mul- 
tiple electron beam source, a number of surface con- 
duction electron emitting devices are two-dimension- 
ally arranged and connected in a matrix manner as 
depicted in Fig. 22. 

In Fig. 22, reference numeral 4001 denotes sur- 
face conduction electron emitting devices illustrated 
schematically; 4002, row-direction lines; and 4003, 
column-direction lines. Actually, the row- and column- 
direction lines 4002 and 4003 have finite electrical re- 
sistances. In Fig. 22, these resistances are illustrated 
as line resistances 4004 and 4005. A wiring method 
of this sort is called simple matrix wiring. 

Note that the 6 x 6 matrix is shown in Fig. 22 for 
illustrative convenience, but the scale of the matrix, 
of course, is not limited to this one. In the case of a 
multiple electron beam source for an image display 
apparatus, for instance, devices enough to perform a 
desired image display are arranged and connected. 

In the multiple electron beam source in which the 
surface conduction electron emitting devices are 
connected by the simple matrix wiring, an appropriate 
electrical signal is applied on the row-direction lines 
4002 and the column-direction lines 4003 to output 
desired electron beams. For example, to drive the 
surface conduction electron emitting devices in one 
given row of the matrix, a selection voltage Vs is ap- 
plied to the row-direction line 4002 of the row to be se- 
lected, and at the same time a non-selection voltage 
Vns is applied to the row-direction lines 4002 of the 
rows not to be selected. In synchronism with these 
voltage applying operations, a drive voltage Ve for 
outputting an electron beam is applied to the column- 
direction lines 4003. In this method, neglecting the 
voltage drops caused by the line resistances 4004 
and 4005, a voltage of Ve - Vs is applied to the surface 
conduction electron emitting devices in the selected 
row, and a voltage of Ve - Vns is applied to those in 
the non-selected rows. Expected results are that 
electron beams of a desired intensity are output only 
from the surface conduction electron emitting devic- 
es in the selected row if Ve, Vs, and Vns are set to 
their respective appropriate voltages, and that elec- 
tron beams of each different intensity are output from 
the devices in the selected row if different drive vol- 
tages Ve are applied to the individual column-direc- 
tion lines. Additionally, since the response speed of 
the surface conduction electron emitting device is 
high, it is also expected that the time period during 
which electron beams are output can be altered by 
changing the length of the application time of the 
drive voltage Ve. 

Therefore, various applications are possible for 
the multiple electron beam source manufactured by 
connecting the surface conduction electron emitting 
devices by the simple matrix wiring. As an example, 
the multiple electron beam source of this type can be 



preferably used as an electron source of an image 
display apparatus by applying a proper electrical sig- 
nal corresponding to image information. 

Image display apparatuses using the multiple 

5 electron beam source in which the surface conduc- 
tion electron emitting devices are connected by the 
simple matrix wiring, however, are found to have the 
following problems. 

That is, when applied to television or computer 

w terminals, for example, image display apparatuses 
are required to have characteristics such as a high 
definition, a large display screen, a large number of 
pixels, and a long service life. To realize these char- 
acteristics, the multiple electron beam source must 

15 have a very-large-scale simple matrix in which up to 
several hundred to several thousand rows and col- 
umns are arranged. In addition, it is desirable that the 
electron emission characteristics of the individual 
surface conduction electron emitting devices be uni- 

20 form and this uniformity be maintained for a long per- 
iod of time. 

The large-scale multiple electron beam source as 
described above, however, has the problem that man- 
ufacturing variations take place in the electron emis- 
25 sion characteristics of the surface conduction elec- 
tron emitting devices. 

The manufacturing variations occur when errors 
are produced due to some causes related to, e.g., the 
size, shape, or material composition in the film forma- 
30 tion step or in the patterning step for forming the elec- 
trodes or the conductive films of individual surface 
conduction electron emitting devices. 

In addition, when the multiple electron beam 
source manufactured by the simple matrix wiring is 
35 used for a long time period, the electron emission 
characteristics of the surface conduction electron 
emitting devices change, and it is unfortunate thatthe 
degree of this change differs from one device to an- 
other for the following reason. That is, when the mul- 
40 tiple electron beam source is applied to an image dis- 
play apparatus, the individual surface conduction 
electron emitting devices are driven in accordance 
with an image to be displayed. As a consequence, the 
total driving time varies from one device to another. 
45 It is considered that for that reason each surface con- 
duction electron emitting device changes to a differ- 
ent extent with time. 

If the surface conduction electron emitting devic- 
es have manufacturing variations in their device char- 
so acteristics or have nonuniform changes with time as 
described above, variations are caused in the inten- 
sities of electron beams emitted from the multiple 
electron beam source, resulting in variations in the lu- 
minance or disturbance in the color balance of dis- 
ss played images. As a consequence, the quality of the 
displayed images is degraded. 

The present invention has been made in consid- 
eration of the above conventional problems and has 
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its object to correct variations in output from a multi- 
ple electron beam source caused by manufacturing 
variations in characteristics or by nonuniform 
changes with time, thereby preventing degradation in 
the quality of displayed images. 5 

The basic idea of the present invention is to 
measure and store variations in the initial character- 
istics of individual surface conduction electron emit- 
ting devices beforehand, and correct the driving con- 
ditions for each surface conduction electron emitting 10 
device on the basis of the stored contents. In addition, 
the idea of the present invention is to detect the 
change with time of each surface conduction electron 
emitting device and adjust the correction amount for 
the driving conditions of each device in accordance 1 5 
with the change with time thus detected, by making 
use of the characteristic inherent in the surface con- 
duction electron emitting device. The inherent char- 
acteristic of the surface conduction electron emitting 
device herein mentioned is a close correlation be- 20 
tween a current (to be referred to as a device current 
hereinafter) flowing through a device and the intensi- 
ty of an electron beam emitted from the device. 
Therefore, the change in the electron beam output 
characteristic with time can be detected by measuring 25 
the change in the device current with time. 

According to the first aspect of the present inven- 
tion, there is an electron beam generating apparatus 
for an electron beam source including surface con- 
duction electron emitting devices formed on a sub- 30 
strate, comprising measuring means for measuring a 
device current flowing through each of the surface 
conduction electron emitting devices, device current 
storage means for storing data measured by the 
measuring means, comparing means for comparing 35 
latest data measured by the measuring means with 
the data stored in the device current storage means, 
correction value storage means for storing a correc- 
tion value for correcting a driving signal to be applied 
to each surface conduction electron emitting device, 40 
and adjusting means for adjusting the correction val- 
ue stored in the correction value storage means. 

According to the second aspect of the present in- 
vention, there is an electron beam generating appa- 
ratus according to the first aspect, wherein the meas- 45 
uring means measures the device current by applying 
a voltage lower than an electron emission threshold 
voltage of the surface conduction electron emitting 
devices. 

According to the third aspect of the present inven- 50 
tion, there is an electron beam generating apparatus 
according to the first aspect, wherein the surface con- 
duction electron emitting devices are connected in a 
matrix manner by row-direction lines and column-di- 
rection lines, the driving signal to be applied to the 55 
surface conduction electron emitting devices con- 
sists of a scan signal applied from the row-direction 
lines and a modulated signal applied from the column- 



direction lines, and the modulated signal is corrected 
by the correction value stored in the correction value 
storage means. 

According to the fourth aspect of the present in- 
vention, there is an image display apparatus includ- 
ing surface conduction electron emitting devices 
formed on a substrate and a phosphor which emits 
visible light when irradiated with an electron beam, 
comprising measuring means for measuring a device 
current flowing through each of the surface conduc- 
tion electron emitting devices, device current storage 
means for storing data measured by the measuring 
means, comparing means for comparing latest data 
measured by the measuring means with the data stor- 
ed in the device current storage means, correction 
value storage means for storing a correction value for 
correcting a driving signal to be applied to each sur- 
face conduction electron emitting device, and adjust- 
ing means for adjusting the correction value stored in 
the correction value storage means. 

According to the fifth aspect of the present inven- 
tion, there is an image display apparatus according to 
the fourth aspect, wherein the measuring means 
measures the device current by applying a voltage 
lower than an electron emission threshold voltage of 
the surface conduction electron emitting devices. 

According to the sixth aspect of the present in- 
vention, there is an image display apparatus accord- 
ing to the fourth aspect, wherein the surface conduc- 
tion electron emitting devices are connected in a ma- 
trix manner by row-direction lines and column-direc- 
tion lines, the driving signal to be applied to the sur- 
face conduction electron emitting devices consists of 
a scan signal applied from the row-direction lines and 
a modulated signal applied from the column-direction 
lines, and the modulated signal is corrected by the 
correction value stored in the correction value stor- 
age means. 

According to the seventh aspect of the present in- 
vention, there is a method of driving an image display 
apparatus including surface conduction electron 
emitting devices formed on a substrate, a phosphor 
which emits visible light when irradiated with an elec- 
tron beam, measuring means for measuring a device 
current flowing through each of the surface conduc- 
tion electron emitting devices, device current storage 
means for storing data measured by the measuring 
means, comparing means for comparing latest data 
measured by the measuring means with the data stor- 
ed in the device current storage means, correction 
value storage means for storing a correction value for 
correcting a driving signal to be applied to each sur- 
face conduction electron emitting device, and adjust- 
ing means for adjusting the correction value stored in 
the correction value storage means, comprising the 
steps of causing the device current storage means to 
store measured values of device currents in initial sta- 
ges after fabrication of the surface conduction elec- 
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tron emitting devices, causing the correction value 
storage means to store, as an initial value, a correc- 
tion value determined on the basis of the measured 
value of the initial device current of each surface con- 
duction electron emitting device, causing the device 5 
current measuring means to measure the device cur- 
rent after an image is displayed for an arbitrary time 
period, causing the comparing means to compare lat- 
est data measured by the device current measuring 
means after driving for the arbitrary time period with 1 o 
the data stored in the device current storage means, 
and causing the adjusting means to adjust the correc- 
tion value stored in the correction value storage 
means if the comparison result exceeds a predeter- 
mined range. 15 

According to the eighth aspect of the present in- 
vention, there is a method of driving an image display 
apparatus including surface conduction electron 
emitting devices formed on a substrate, a phosphor 
which emits visible light when irradiated with an elec- 20 
tron beam, measuring means for measuring a device 
current flowing through each of the surface conduc- 
tion electron emitting devices, device current storage 
means for storing data measured by the measuring 
means, comparing means for comparing latest data 25 
measured by the measuring means with the data stor- 
ed in the device current storage means, correction 
value storage means for storing a correction value for 
correcting a driving signal to be applied to each sur- 
face conduction electron emitting device, and adjust- 30 
ing means for adjusting the correction value stored in 
the correction value storage means, comprising the 
steps of causing the device current storage means to 
store measured values of device currents in initial sta- 
ges after fabrication of the surface conduction elec- 35 
tron emitting devices, causing the correction value 
storage means to store, as an initial value, a correc- 
tion value determined on the basis of a measured val- 
ue of an initial electron beam (emission current) of 
each surface conduction electron emitting device, 40 
causing the device current measuring means to 
measure the device-current after an image is dis- 
played for an arbitrary time period, causing the com- 
paring means to compare latest data measured by the 
device current measuring means after driving for the 45 
arbitrary time period with the data stored in the device 
current storage means, and causing the adjusting 
means to adjust the correction value stored in the cor- 
rection value storage means if the comparison result 
exceeds a predetermined range. 50 

According to the ninth aspect of the present in- 
vention, there is a method of driving an image display 
apparatus including surface conduction electron 
emitting devices formed on a substrate, a phosphor 
which emits visible light when irradiated with an elec- 55 
tron beam, measuring means for measuring a device 
current flowing through each of the surface conduc- 
tion electron emitting devices, device current storage 



means for storing data measured by the measuring 
means, comparing means for comparing latest data 
measured by the measuring means with the data stor- 
ed in the device current storage means, correction 
value storage means for storing a correction value for 
correcting a driving signal to be applied to each sur- 
face conduction electron emitting device, and adjust- 
ing means for adjusting the correction value stored in 
the correction value storage means, comprising the 
steps of causing the device current storage means to 
store measured values of device currents in initial sta- 
ges after fabrication of the surface conduction elec- 
tron emitting devices, causing the correction value 
storage means to store, as an initial value, a correc- 
tion value determined on the basis of a measured val- 
ue of luminance obtained when each surface conduc- 
tion electron emitting device emits an electron beam 
onto the phosphor, causing the device current meas- 
uring means to measure the device current after an 
image is displayed for an arbitrary time period, caus- 
ing the comparing means to compare latest data 
measured by the device current measuring means af- 
ter driving for the arbitrary time period with the data 
stored in the device current storage means, and caus- 
ing the adjusting means to adjust the correction value 
stored in the correction value storage means if the 
comparison result exceeds a predetermined range. 

Other features and advantages of the present in- 
vention will be apparent from the following descrip- 
tion of a number of embodiments of the invention 
which are described by way of example only taken in 
conjunction with the accompanying drawings, in 
which like reference characters designate the same 
or similar parts throughout the figures. 

Fig. 1 is a circuit block diagram of an electron 
beam generating apparatus of the first embodi- 
ment; 

Fig. 2 is a flow chart showing the operation pro- 
cedure in an initial characteristic check mode in 
the first embodiment; 

Fig. 3 is a flow chart showing the operation pro- 
cedure in a characteristic change check mode in 
the first embodiment; 

Fig. 4 is a circuit block diagram of an image dis- 
play apparatus of the second embodiment; 
Fig. 5 is a flow chart showing the operation pro- 
cedure in an initial characteristic check mode in 
the second embodiment; 
Fig. 6 is a circuit block diagram for determining 
the correction value (initial value) for driving con- 
ditions by measuring an emission current; 
Fig. 7 is a circuit block diagram for determining 
the correction value (initial value) for driving con- 
ditions by measuring luminance; 
Fig. 8 is a flow chart showing the operation pro- 
cedure in a characteristic change check mode in 
the second embodiment; 
Fig. 9 is a graph showing variations in the char- 
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acteristics of surface conduction electron emit- 
ting devices; 

Fig. 10 is a perspective view of the image display 
apparatus according to the second embodiment 
of the present invention, in which a display panel 5 
is partially cut away; 

Figs. 11 A and 11 B are views showing examples 
of a phosphor array on the faceplate of the display 
panel; 

Figs. 12Aand 12B are plan and sectional views, 10 
respectively, of a planar surface conduction elec- 
tron emitting device used in the embodiments; 
Figs. 1 3A to 1 3E are sectional views showing the 
fabricating steps of the planar surface conduction 
electron emitting device; 15 
Fig. 14 is a waveform chart of an applied voltage 
in energization forming processing; 
Figs. 1 5Aand 15B are waveform charts of an ap- 
plied voltage and the change in an emission cur- 
rent le, respectively, in energization activation 20 
processing; 

Fig. 16 is a sectional view of a step type surface 
conduction electron emitting device used in the 
embodiments; 

Figs. 1 7A to 1 7F are sectional views showing the 25 
fabrication steps of the step type surface conduc- 
tion electron emitting device; 
Fig. 18 is a graph showing typical characteristics 
of the surface conduction electron emitting de- 
vice used in the embodiments; 30 
Fig. 19 is a plan view of the substrate of a multiple 
electron beam source used in the embodiments; 
Fig. 20 is a sectional view of a portion of the sub- 
strate of the multi-beam electron source used in 
the embodiments; 35 
Fig. 21 is a block diagram of a multifunction im- 
age display apparatus according to the third em- 
bodiment of the present invention; 
Fig. 22 is a view for explaining the electron emis- 
sion device wiring method attempted by the pres- 40 
ent inventors; and 

Fig. 23 is a plan view of a conventional surface 

conduction electron emitting device. 

Preferred embodiments of an electron beam gen- 
erating apparatus, an image display apparatus, and 45 
a method of driving these apparatuses will be descri- 
bed below. 

Note that for descriptive convenience, the struc- 
tures, fabrication methods, and characteristics of pre- 
ferred surface conduction electron emitting devices so 
and the structure and manufacturing method of the 
display panel of a preferred image display apparatus 
will be described in detail after the first and second 
embodiments are explained. 

55 

(1st Embodiment) 

An embodiment of an electron beam generating 
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apparatus according to the present invention will be 
described below with reference to Figs. 1 to 3. 

Fig. 1 is a circuit block diagram showing the ar- 
rangement of the electron beam generating appara- 
tus. In Fig. 1, reference numeral 1 denotes a multiple 
electron beam source; 2, a scan signal generator; 3, 
a device current measurement circuit; 4, a timing con- 
troller; 5, a modulated signal generator; 6, a ser- 
ial/parallel converter; 7, an arithmetic unit; 8, a mem- 
ory storing correction values; 9, a memory control 
CPU; 10, a comparator, 11, a memory storing initial 
values of device currents; 12, a switching circuit; 13, 
a test pattern generator; and 14, an operation mode 
control CPU. 

In the multiple electron beam source 1, a large 
number of surface conduction electron emitting de- 
vices are formed on a substrate and connected in a 
matrix manner by row- and column-direction lines. 
Details of the structure of the multiple electron beam 
source 1 will be described later with reference to Figs. 
19 and 20. 

The scan signal generator 2 and the modulated 
signal generator 5 are circuits for driving the multiple 
electron beam source 1 . An output from the scan sig- 
nal generator 2 is applied to the row-direction lines of 
the multiple electron beam source 1. An output from 
the modulated signal generator 5 is applied to the col- 
umn-direction lines of the multiple electron beam 
source 1 . The scan signal generator 2 sequentially se- 
lects rows to be driven from the rows of a large num- 
ber of the surface conduction electron emitting devic- 
es formed in a matrix manner. The modulated signal 
generator 5 modulates an electron beam emitted 
from each surface conduction electron emitting de- 
vice. The modulation scheme is, e.g., pulse-width 
modulation or voltage-amplitude modulation. 

The device current measurement circuit 3 meas- 
ures the current (device current) flowing through each 
surface conduction electron emitting device of the 
multiple electron beam source 1. 

The timing controller 4 generates a timing control 
signal for matching the operation timings of individual 
circuits. 

The serial/parallel converter 6 converts serially 
input driving data (after correction) into parallel data 
line by line. 

The arithmetic unit 7 corrects externally input 
driving data on the basis of the correction values stor- 
ed in the memory 8. 

The memory 8 stores the correction values for 
driving conditions of the individual surface conduc- 
tion electron emitting devices of the multiple electron 
beam source 1. These correction values are deter- 
mined on the basis of variations in the characteristics 
of the surface conduction electron emitting devices. 

The memory 11 stores the device currents (initial 
values) of the individual surface conduction electron 
emitting devices of the multiple electron beam source 
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1 in the initial stages after the fabrication. 

The memory control CPU 9 controls write and 
read operations of the correction values to the mem- 
ory 8 and controls write and read operations of the de- 
vice currents (initial values) to the memory 11. 5 

The comparator 10 compares the latest device 
current measured by the device current measurement 
circuit 3 with the device current (initial value) stored 
in the memory 11. 

The test pattern generator 13 is a signal genera- 10 
tor for generating a check driving signal for checking 
the characteristic of each surface conduction elec- 
tron emitting device of the multiple electron beam 
source 1 . 

The switching circuit 12 selects either a driving 15 
signal supplied from an external signal source or the 
check driving signal generated by the test pattern 
generator 13. 

The operation mode control CPU 14 controls the 
operation modes of the apparatus. More specifically, 20 
the operation mode control CPU 14 operates the ap- 
paratus by selecting an appropriate one of three 
types of operation modes, i.e., an initial characteristic 
check mode, a normal drive mode, and a character- 
istic change check mode. 25 

The operations of the apparatus illustrated in Fig. 
1 will be described below. The apparatus operates in 
the above three types of operation modes, i.e., the ini- 
tial characteristic check mode, the normal drive 
mode, and the characteristic change check mode, so 30 
these operation modes will be described in the order 
named. 

initial Characteristic Check Mode 

35 

The initial characteristic check mode is an oper- 
ation mode in which the initial characteristic of each 
surface conduction electron emitting device of the 
multiple electron beam source 1 after the fabrication 
is checked and stored, and a driving correction value 40 
corresponding to the characteristic of each device is 
determined and stored. More specifically, the device 
current (initial value) of each surface conduction elec- 
tron emitting device is measured by the device cur- 
rent measurement circuit 3 and stored in the memory 45 
11. In addition, the driving correction value for each 
surface conduction electron emitting device is deter- 
mined on the basis of the measurement result and 
stored in the memory 8. 

The operation procedure will be described below so 
with reference to the flow chart in Fig. 2. 

(521) : First, the internal switches of the switching cir- 
cuit 12 are dosed to the positions on the test pattern 
generator 13 side. More specifically, the operation 
mode control CPU 14 performs this step by output- 55 
ting a control signal Sel to the switching circuit 12. 

(522) : Subsequently, the test pattern generator 13 
outputs a driving signal for the check. This step is 



726 A1 12 

started when the operation mode control CPU 14 out- 
puts a control signal Test to the test pattern generator 
13. 

(523) : The device current is then measured and stor- 
ed in the memory 1 1 . In this step, the operation mode 
control CPU 14 outputs to the memory control CPU 
9 an instruction Mc indicating write access to the 
memory 11. The write access to the memory 11 is 
done under the control of the memory control CPU 9. 

More specifically, the timing controller 4 gener- 
ates various timing control signals on the basis of an 
output sync signal from the test pattern generator 1 3, 
thereby adjusting the operation timings of the S/P 
converter 6, the modulated signal generator 5, the 
scan signal generator 2, and the memory control CPU 
9. The check driving data output from the test pattern 
generator 13 is input to the arithmetic unit 7. In this 
stage, however, no correction value is set in the mem- 
ory 8. Therefore, the driving data is directly applied to 
the S/P converter 6. On the basis of the check driving 
data converted into parallel data by the S/P converter 
6, the modulated signal generator 5 outputs a modu- 
lated signal. Simultaneously, the device current 
measurement circuit 3 measures the device current 
flowing through each surface conduction electron 
emitting device. Each measurement result is stored in 
the memory 11 as the device current (initial value). 

(524) : Subsequently, the memory control CPU 9 
reads out the device current (initial value) from the 
memory 11 and calculates the correction value for 
driving conditions on the basis of the readout value. 
In this step, the operation mode control CPU 14 out- 
puts to the memory control CPU 9 the instruction Mc 
indicating the calculation of the correction value for 
driving conditions. 

Various calculation methods are usable in calcu- 
lating the driving condition correction value. One pre- 
ferred method is to divide a predetermined design val- 
ue by the measured value read out from the memory 
11. That is, when the design value of the device cur- 
rent is 3.3 [mA] and the measured value of a certain 
surface conduction electron emitting device is 3.0 
[mA], the correction value calculated is 1.1. 

(525) : The driving condition correction values calcu- 
lated in (S24) are stored in the memory 8. The oper- 
ation mode control CPU 14 performs this step by out- 
putting to the memory control CPU 9 the instruction 
Mc indicating storage of the correction values into the 
memory 8. 

The initial characteristic check mode is executed 
following the operation procedure described above. 

Normal Drive Mode 

The normal drive mode will be described next. In 
this mode the multiple electron beam source 1 is driv- 
en to output electron beams by driving data supplied 
from the external signal source. The operation proce- 
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dure of this mode will be described below. 

In this mode, the internal switches of the switch- 
ing circuit 12 are connected to the external signal 
source. Generally, the external signal source sepa- 
rately supplies the driving data and the sync signal. If 5 
the driving data and the sync signal are supplied in a 
composite signal form, the signal can be separated by 
a decoder (not shown) before processing. 

The timing controller 4 generates various timing 
control signals on the basis of the sync signal sup- 10 
plied from the external signal source, thereby adjust- 
ing the operation timings of the S/P converter 6, the 
modulated signal generator 5, the scan signal gener- 
ator 2, and the memory control CPU 9. More specif- 
ically, the timing controller 4 outputs to the S/P con- 15 
verter 6 a clock signal Tsft for converting the driving 
data of one line into parallel data, to the modulated 
signal generator 5 a control signal Tmod for control- 
ling the modulated signal generation timing, to the 
scan signal generator 2 a control signal Tscan for per- 20 
forming a line-sequential scan, and to the memory 
control CPU 9 a control signal Tmry for adjusting the 
timing at which the correction value is read out from 
the memory 8. 

The driving data supplied from the external signal 25 
source is input to the arithmetic unit 7, and the arith- 
metic unit 7 corrects the data by using the correction 
value read out from the memory 8. (Needless to say, 
the correction value related to the surface conduction 
electron emitting device at the position correspond- 30 
ing to the driving data is read out under the control of 
the memory control CPU 9.) Various calculation 
methods are possible as the correction method. One 
preferred method is to multiply the driving data by the 
correction value. The corrected driving data is applied 35 
to the S/P converter 6. On the basis of the driving data 
converted into parallel data by the S/P converter 6, 
the modulated signal generator 5 outputs modulated 
signals of one line simultaneously. In synchronism 
with this output, the scan signal generator 2 outputs 40 
a scan signal for selecting the line to be driven. 

By a series of the above operations, the multiple 
electron beam source 1 outputs electron beams in ac- 
cordance with the driving data. Since the driving sig- 
nals applied to the surface conduction electron emit- 45 
ting devices are already corrected on the basis of the 
respective characteristics of the devices, electron 
beams can be output faithfully with respect to the driv- 
ing data supplied from the external signal source. 

The normal drive mode is executed following the so 
procedure described above. Note that in this mode, 
none of the memory 11, the comparator 10, and the 
test pattern generator 13 need be operated. 

Characteristic Change Check Mode 55 

The characteristic change check mode will be de- 
scribed below. In this mode, a change with time in the 
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electron emission characteristic of each surface con- 
duction electron emitting device is checked, and the 
correction value for driving conditions stored in the 
memory 8 is adjusted on the basis of the check result 
where necessary. More specifically, whether a 
change with time occurs is checked for each device 
by comparing the latest result measured by the device 
current measurement circuit 3 with the device current 
(initial value) stored in the memory 11. 

The operation procedure will be described below 
with reference to the flow chart in Fig. 3. (S31): First, 
the internal switches of the switching circuit 12 are set 
to the positions on the test pattern generator 13 side. 
More specifically, the operation mode control CPU 14 
performs this step by outputting the control signal Sel 
to the switching circuit 1 2. 

(532) : Subsequently, the test pattern generator 13 
generates a driving signal for the check. This step is 
started when the operation mode control CPU 14 out- 
puts the control signal Test to the test pattern gener- 
ator 13. 

(533) : The measured value and the initial value are 
compared. 

To begin with, the device current is measured by 
the device current measurement circuit 3 and output 
to the comparator 10. More specifically, in this step, 
the timing controller 4 generates various timing con- 
trol signals on the basis of the output sync signal from 
the test pattern generator 13, thereby adjusting the 
operation timings of the S/P converter 6, the modu- 
lated signal generator 5, the scan signal generator 2, 
and the memory control CPU 9. The output check 
driving data from the test pattern generator 13 is input 
to the arithmetic unit 7. Since in this stage, the mem- 
ory control CPU 9 performs control such that no cor- 
rection value is read out from the memory 8, the driv- 
ing data is directly input to the S/P converter 6. On the 
basis of the check driving data converted into parallel 
data by the S/P converter 6, the modulated signal 
generator 5 generates a modulated signal. Simulta- 
neously, the device current measurement circuit 3 
measures the device current flowing through each 
surface conduction electron emitting device. 

At the same time, the device current (initial value) 
is read out from the memory 1 1 and output to the com- 
parator 10. In this stage, the operation mode control 
CPU 14 outputs to the memory control CPU 9 the in- 
struction Mc indicating a read from the memory 11. 
Consequently, the read access to the memory 11 is 
done under the control of the memory control CPU 9. 

The comparator 10 compares the measured val- 
ue with the initial value. If it is determined that there 
is no change with time, the characteristic change 
check mode is ended. On the other hand, if it is de- 
termined that a change with time has taken place, the 
flow advances to (S34). Various methods can be used 
to determine the presence/absence of a change with 
time. Preferred examples are a method in which a 
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change with time is detected if the difference be- 
tween the measured value and the initial value ex- 
ceeds a predetermined range, and a method in which 
a change with time is detected if a ratio of the meas- 
ured value to the initial value exceeds a certain range. 
In this embodiment, the former method is employed, 
and it is determined that a change with time has oc- 
curred if the difference between the measured value 
and the initial value exceeds 0.1 [mA]. 

(534) : For the surface conduction electron emitting 
device found to have a change with time, the memory 
control CPU 9 calculates the correction value for driv- 
ing conditions after the change with time. Various cal- 
culation methods are usable in calculating the driving 
condition correction value. One preferred method is 
to divide a predetermined design value by the meas- 
ured value after the change with time. That is, if the 
measured value after the change with time of a sur- 
face conduction electron emitting device whose de- 
sign value of the device current is 3.3 [mA] is 2.7 [mA], 
the correction value calculated is approximately 1.2. 

(535) : Subsequently, the driving condition correction 
value for the device having the change with time is ad- 
justed. That is, the content of the memory 8 is rewrit- 
ten by the driving condition correction value calculat- 
ed in (S34) after the change with time has taken 
place. 

The characteristic change check mode is execut- 
ed following the above-mentioned procedure. 

The contents of the three operation modes of the 
electron beam generating apparatus in Fig. 1 are ex- 
plained above. The timings at which these operation 
modes are executed will be described below. 

When the electron beam generating apparatus is 
manufactured, the initial characteristic check mode is 
first executed. Thereafter the apparatus is operated 
in the normal drive mode, and the characteristic 
change check mode is executed at appropriate inter- 
vals by the instruction from the operation mode con- 
trol CPU 14. One desirable method is the one in which 
the operation time in the normal drive mode is accu- 
mulated, and the characteristic change check mode 
is executed whenever a predetermined time (e.g., 
100 hours) has elapsed. In some cases, it is also pos- 
sible to execute the characteristic change check 
mode each time the power supply of the electron 
beam generating apparatus is turned on or off. 

The electron beam generating apparatus as one 
embodiment of the present invention has been descri- 
bed above. 

Note that a desirable check voltage used in meas- 
uring the device current in the initial characteristic 
check mode and in the characteristic change check 
mode will be explained later when the characteristics 
of the surface conduction electron emitting device 
are described. 

In the above embodiment, the memory 11 is used 
as a read-only memory after the initial values of the 



device currents are written in the initial characteristic 
check mode. However, depending on the situation, 
the latest device current measured values can also be 
written in the memory 11 after the characteristic 
5 change check mode is executed. In these instances, 
it is possible to check whether another change with 
time has occurred after the characteristic change 
check mode is executed the last time and before it is 
executed this time. According to the idea of the pres- 
to ent invention, the point is that it is only necessary to 
be able to detect a change in the electron emission 
characteristic of the surface conduction electron 
emitting device by detecting a change in the device 
current of the device, thereby properly correcting the 
15 driving conditions of the device. 

(2nd Embodiment) 

An embodiment of an image display apparatus 

20 according to the present invention will be described 
below with reference to Figs. 4 to 8. 

Fig. 4 is a circuit block diagram showing the ar- 
rangement of the image display apparatus. In Fig. 4, 
reference numeral 41 denotes a display panel; 42, a 

25 scan signal generator; 43, a device current measure- 
ment circuit; 44, a timing controller; 45, a modulated 
signal generator; 46, a serial/parallel converter; 47, 
an arithmetic unit; 48, a memory storing correction 
values; 49, a memory control CPU; 50, a comparator; 

30 51 , a memory storing the initial values of device cur- 
rents; 52, a switching circuit; 53, a test pattern gen- 
erator; 54, an operation mode control CPU; 55, a de- 
coder; and 56, a voltage source. 

The display panei 41 includes a multiple electron 

35 beam source and a phosphor. In the multiple electron 
beam source, a large number of surface conduction 
electron emitting devices are formed on a substrate 
and connected in a matrix manner by row-direction 
lines and column-direction lines. The phosphor emits 

40 visible light when irradiated with electron beams. De- 
tails of the structure of the display panel 41 will be de- 
scribed later with reference to Fig. 10. 

The scan signal generator 42 and the modulated 
signal generator 45 are circuits for driving the multiple 

45 electron beam source incorporated in the display pan- 
el 41. An output from the scan signal generator 42 is 
applied to the row-direction lines of the multiple elec- 
tron beam source. An output from the modulated sig- 
nal generator 45 is applied to the column-direction 

so lines of the multiple electron beam source. The scan 
signal generator 42 sequentially selects rows to be 
driven from the rows of a number of the surface con- 
duction electron emitting devices formed in a matrix 
manner. The modulated signal generator 45 modu- 

55 lates an electron beam emitted from each surface 
conduction electron emitting device. The modulation 
scheme is, e.g., pulse-width modulation or voltage- 
amplitude modulation. 
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The device current measurement circuit 43 meas- 
ures the current (device current) flowing through each 
surface conduction electron emitting device of the 
multiple electron beam source. 

The timing controller 44 generates a timing con- 5 
trol signal for matching the operation timings of indi- 
vidual circuits. 

The serial/parallel converter 46 converts serially 
input driving data (after correction) into parallel data 
line by line. 10 

The arithmetic unit 47 corrects externally input 
driving data on the basis of the correction values stor- 
ed in the memory 48. 

The memory 48 stores the correction values for 
driving conditions of the individual surface conduction 15 
electron emitting devices of the multiple electron 
beam source incorporated in the display panel 41. 
These correction values are determined on the basis 
of variations in the characteristics of the surface con- 
duction electron emitting devices. 20 

The memory 51 stores the device currents (initial 
values) of the individual surface conduction electron 
emitting devices of the multiple electron beam source 
of the display panel 41 in the initial stages after the 
fabrication. 25 

The memory control CPU 49 controls write and 
read operations of the correction values to the mem- 
ory 48 and controls write and read operations of the 
device currents (initial values) to the memory 51. 

The comparator 50 compares the latest device 30 
current measured by the device current measurement 
circuit 43 with the device current (initial value) stored 
in the memory 51. 

The test pattern generator 53 is a signal genera- 
tor for generating a check driving signal for checking 35 
the characteristic of each surface conduction elec- 
tron emitting device of the multiple electron beam 
source of the display panel 41. 

The switching circuit 52 selects either a driving 
signal supplied from the decoder 55 or the check driv- 40 
ing signal generated by the test pattern generator 53. 

The operation mode control CPU 54 controls the 
operation modes of the apparatus. More specifically, 
the operation mode control CPU 54 operates the ap- 
paratus by selecting an appropriate one of three 45 
types of operation modes, i.e., an initial characteristic 
check mode, a normal drive mode, and a character- 
istic change check mode. 

The decoder 55 decodes to separate an extern- 
ally supplied image signal into a sync signal and im- 50 
age data. 

The voltage source 56 is electrically connected to 
the phosphor incorporated in the display panel 41 via 
a terminal Hv. The voltage source 56 outputs a DC 
voltage of, e.g., 5 [kV] to permit the phosphor to lumi- 55 
nesce with a sufficient luminance. 

The operations of the apparatus illustrated in Fig. 
4 will be described below. The apparatus operates in 
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the above three types of operation modes, i.e., the ini- 
tial characteristic check mode, the normal drive 
mode, and the characteristic change check mode, so 
these operation modes will be described in the order 
named. 

Initial Characteristic Check Mode 

The initial characteristic check mode is an oper- 
ation mode in which the initial characteristic of each 
surface conduction electron emitting device of the 
multiple electron beam source of the display panel 41 
after the fabrication is checked and stored, and a driv- 
ing correction value corresponding to the character- 
istic of each device is determined and stored. More 
specifically, the device current (initial value) of each 
surface conduction electron emitting device is meas- 
ured by the device current measurement circuit 43 
and stored in the memory 51. In addition, the driving 
correction value for each surface conduction electron 
emitting device is determined on the basis of the 
measurement result and stored in the memory 48. 

The operation procedure will be described below 
with reference to the flow chart in Fig. 5. 

(551) : First, the internal switches of the switching cir- 
cuit 52 are closed to the positions on the test pattern 
generator 53 side. More specifically, the operation 
mode control CPU 54 performs this step by output- 
ting a control signal Sel to the switching circuit 52. 

(552) : Subsequently, the test pattern generator 53 
outputs a driving signal for check. This step is started 
when the operation mode control CPU 54 outputs a 
control signal Test to the test pattern generator 53. 

(553) : The device current is then measured and stor- 
ed in the memory 51 . In this step, the operation mode 
control CPU 54 outputs to the memory control CPU 
49 an instruction Mc indicating write access to the 
memory 51. The write access to the memory 51 is 
done under the control of the memory control CPU 
49. 

More specifically, the timing controller 44 gener- 
ates various timing control signals on the basis of an 
output sync signal from the test pattern generator 53, 
thereby adjusting the operation timings of the S/P 
converter 46, the modulated signal generator 45, the 
scan signal generator 42, and the memory control 
CPU 49. The check driving data output from the test 
pattern generator 53 is input to the arithmetic unit 47. 
In this stage, however, no correction value is set in the 
memory 48. Therefore, the driving data is directly ap- 
plied to the S/P converter 46. On the basis of the 
check driving data converted into parallel data by the 
S/P converter 46, the modulated signal generator 45 
outputs a modulated signal. 

Simultaneously, the device current measurement cir- 
cuit 43 measures the device current flowing through 
each surface conduction electron emitting device. 
Each measurement result is stored in the memory 51 
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as the device current (initial value). 

(554) : Subsequently, the memory control CPU 49 
reads out the device current (initial value) from the 
memory 51 and calculates the correction value for 
driving conditions on the basis of the readout value. 5 
In this step, the operation mode control CPU 54 out- 
puts to the memory control CPU 49 the instruction Mc 
indicating the calculation of the correction value for 
driving conditions. 

Various calculation methods are usable in calcu- 10 
lating the driving condition correction value. One pre- 
ferred method is to divide a predetermined design val- 
ue by the measured value read out from the memory 
51. That is, when the design value of the device cur- 
rent is 3.3 [mA] and the measured value of a certain 1 5 
surface conduction electron emitting device is 3.0 
[mA], the correction value calculated is 1.1. 

(555) : The driving condition correction values calcu- 
lated in (S54) are stored in the memory 48. The op- 
eration mode control CPU 54 performs this step by 20 
outputting to the memory control CPU 49 the instruc- 
tion Mc indicating storage of the correction values into 

the memory 48. 

The initial characteristic check mode is executed 
following the operation procedure described above. 25 

Note that in (S54) of this embodiment, the driving 
condition correction value for each surface conduc- 
tion electron emitting device is calculated on the ba- 
sis of the measured value of the device current (initial 
value). However, other calculation methods are also 30 
possible. 

For example, as shown in Fig. 6, an electron 
beam meter 60 in series with the voltage source 56 
can be connected to the memory control CPU 49. In 
this arrangement, the correction value for the driving 35 
conditions can be calculated on the basis of the meas- 
ured value of the emission current (initial value) of 
each surface conduction electron emitting device. 

Alternatively, as illustrated in Fig. 7, a luminance 
meter 70 for measuring the luminance of each pixel of 40 
the display panel can be connected to the memory 
control CPU 49. In this case, it is possible to calculate 
the correction value for the driving conditions on the 
basis of the luminance (initial value) of the phosphor. 

The point is that it is only necessary to be able to 45 
either directly or indirectly measure the initial electron 
emission characteristic of each surface conduction 
electron emitting device and to calculate the driving 
condition correction value on the basis of the meas- 
urement result. so 

Normal Drive Mode 

The normal drive mode will be described next. In 
this mode the display panel 41 is driven to perform an 55 
image display by an image signal such as a television 
signal supplied from the external signal source. The 
operation procedure of this mode will be described 
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below. 

In this mode, the internal switches of the switch- 
ing circuit 52 are connected to the positions on the de- 
coder 55 side. A composite signal such as a television 
signal is decoded to be separated into a sync signal 
and image data by the decoder 55. 

The timing controller 44 generates various timing 
control signals on the basis of the sync signal sup- 
plied from the decoder 55, thereby adjusting the op- 
eration timings of the S/P converter 46, the modulat- 
ed signal generator 45, the scan signal generator 42, 
and the memory control CPU 49. More specifically, 
the timing controller 44 outputs to the S/P converter 

46 a clock signal Tsft for converting the driving data 
of one line into parallel data, to the modulated signal 
generator 45 a control signal Tmod for controlling the 
modulated signal generation timing, to the scan sig- 
nal generator 42 a control signal Tscan for performing 
a line-sequential scan, and to the memory control 
CPU 49 a control signal Tmry for adjusting the timing 
at which the correction value is read out from the 
memory 48. 

The image data supplied from the decoder 55 is 
input to the arithmetic unit 47, and the arithmetic unit 

47 corrects the data by using the correction value 
read out from the memory 48. The correction value 
related to the surface conduction electron emitting 
device at the position corresponding to the driving 
data (image data) is read out under the control of the 
memory control CPU 49. Various calculation meth- 
ods are possible as the correction method. One pre- 
ferred method is to multiply the image data with the 
correction value. The corrected image data is applied 
to the S/P converter 46. On the basis of the image 
data converted into parallel data by the S/P converter 
46, the modulated signal generator 45 outputs modu- 
lated signals of one line simultaneously. In synchron- 
ism with this output, the scan signal generator 42 out- 
puts a scan signal for selecting the line to be driven. 

By a series of the above operations, the multiple 
electron beam source incorporated in the display pan- 
el 41 outputs electron beams in accordance with the 
image data. Since the driving signals applied to the 
surface conduction electron emitting devices are al- 
ready corrected on the basis of the respective char- 
acteristics of the devices, electron beams can be out- 
put faithfully with respect to the image data supplied 
from the external signal source. That is, an image dis- 
play can be performed with luminance faithful to the 
image signal. 

The normal drive mode is executed following the 
procedure described above. Note that in this mode, 
none of the memory 51 , the comparator 50, and the 
test pattern generator 53 need be operated. 

Characteristic Change Check Mode 

The characteristic change check mode will be de- 
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scribed below. In this mode, a change with time in the 
electron emission characteristic of each surface con- 
duction electron emitting device is checked, and the 
correction value for driving conditions stored in the 
memory 48 is adjusted on the basis of the check result 
where necessary. More specifically, whether a 
change with time occurs is checked for each device 
by comparing the latest result measured by the device 
current measurement circuit 43 with the device cur- 
rent (initial value) stored in the memory 51. 

The operation procedure will be described below 
with reference to the flow chart in Fig. 8. 

(581) : First, the internal switches of the switching cir- 
cuit 52 are set to the positions on the test pattern gen- 
erator 53 side. More specifically, the operation mode 
control CPU 54 performs this step by outputting the 
control signal Sel to the switching circuit 52. 

(582) : Subsequently, the test pattern generator 53 
generates a driving signal for the check. This step is 
started when the operation mode control CPU 54 out- 
puts the control signal Test to the test pattern gener- 
ator 53. 

(583) : The measured value and the initial value are 
compared. 

To begin with, the device current is measured by 
the device current measurement circuit 43 and output 
to the comparator 50. More specifically, in this step, 
the timing controller 44 generates various timing con- 
trol signals on the basis of the output sync signal from 
the test pattern generator 53, thereby adjusting the 
operation timings of the S/P converter 46, the modu- 
lated signal generator 45, the scan signal generator 
42, and the memory control CPU 49. The output 
check driving data from the test pattern generator 53 
is input to the arithmetic unit 47. Since in this stage 
the memory control CPU 49 performs control such 
that no correction value is read out from the memory 
48, the driving data is directly input to the S/P conver- 
ter 46. On the basis of the check driving data convert- 
ed into parallel data by the S/P converter 46, the 
modulated signal generator 45 generates a modulat- 
ed signal. Simultaneously, the device current meas- 
urement circuit 43 measures the device current flow- 
ing through each surface conduction electron emit- 
ting device. 

At the same time, the device current (initial value) 
is read out from the memory 51 and output to the com- 
parator 50. In this stage, the operation mode control 
CPU 54 outputs to the memory control CPU 49 the in- 
struction Mc indicating a read from the memory 51. 
Consequently, the read access to the memory 51 is 
done under the control of the memory control CPU 
49. 

The comparator 50 compares the measured val- 
ue with the initial value. If it is determined that there 
is no change with time, the characteristic change 
check mode is ended. On the other hand, if it is de- 
termined that a change with time has taken place, the 
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flow advances to (S84). Various methods can be used 
to determine the presence/absence of a change with 
time. Preferred examples are a method in which a 
change with time is detected if the difference be- 

5 tween the measured value and the initial value ex- 
ceeds a predetermined range,- and a method in which 
a change with time is detected if a ratio of the meas- 
ured value to the initial value exceeds a certain range. 
In this embodiment, the former method is employed, 

10 and it is determined that a change with time has oc- 
curred if the difference between the measured value 
and the initial value exceeds 0.1 [mA]. 

(584) : For the surface conduction electron emitting 
device found to have a change with time, the memory 

15 control CPU 49 calculates the correction value for 
driving conditions after the change with time. Various 
calculation methods are usable in calculating the driv- 
ing condition correction value. One preferred method 
is to divide a predetermined design value by the 

20 measured value after the change with time. That is, 
if the measured value after the change with time of a 
surface conduction electron emitting device whose 
design value of the device current is 3.3 [mA] is 2.7 
[mA], the correction value calculated is approximately 

25 1 .2. 

(585) : Subsequently, the driving condition correction 
value for the device having the change with time is ad- 
justed. That is, the content of the memory 48 is rewrit- 
ten by the driving condition correction value calculat- 

30 ed in (S84) after the change with time has taken 
place. 

The characteristic change check mode is execut- 
ed following the above-mentioned procedure. 

The contents of the three operation modes of the 

35 image display apparatus in Fig. 4 are explained 
above. The timings at which these operation modes 
are executed will be described below. 

When the image display apparatus is manufac- 
tured, the initial characteristic check mode is first exe- 

40 cuted. Thereafter, the apparatus is operated in the 
normal drive mode, and the characteristic change 
check mode is executed at appropriate intervals by 
the instruction from the operation mode control CPU 
54. One desirable method is the one in which the op- 

45 eration time in the normal drive mode is accumulated, 
and the characteristic change check mode is execut- 
ed whenever a predetermined time (e.g., 100 hours) 
has elapsed. In some cases, it is also possible to exe- 
cute the characteristic change check mode each time 

so the power supply of the image display apparatus is 
turned on or off. 

The image display apparatus as one embodi- 
ment of the present invention has been described 
above. 

55 Note that a desirable check voltage used in meas- 

uring the device current in the initial characteristic 
check mode and in the characteristic change check 
mode will be explained later when the characteristics 
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of the surface conduction electron emitting device 
are described. 

In the above embodiment, the memory 51 is used 
as a read-only memory after the initial values of the 
device currents are written in the initial characteristic 
check mode. However, depending on the situation, 
the latest device current measured values can also be 
written in the memory 51 after the characteristic 
change check mode is executed. In these instances, 
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representative constructions of a surface conduction 
electron emitting device whose electron emission 
portion or its peripheral portion is formed of a fine- 
particle film. 

5 

Planar Surface Conduction Type Emission Device 

The device construction and fabrication method 
of a planar surface conduction electron emitting de- 
vice will be described below. 

Figs. 12Aand 12B are plan and sectional views, 
respectively, for explaining the arrangement of a pla- 
nar surface conduction electron emitting device. In 
Figs. 12Aand 12B, reference numeral 1101 denotes 
a substrate; 1102 and 1103, device electrodes; 1104, 
a thin conductive film; 1105, an electron emission 
portion formed by energization forming processing; 
and 1113, a thin film formed by energization activa- 
tion processing. 

As the substrate 1101, it is possible to use, e.g., 
various glass substrates such as quartz glass and 
soda lime glass substrates, various ceramic sub- 
strates such as an alumina substrate, and a substrate 
formed by stacking an insulating layer consisting of, 
e.g., Si0 2 , on any of these substrates. 

The device electrodes 1102 and 1103 formed on 
the substrate 1101 so as to be parallel to the sub- 
strate surface and oppose each other are made of a 
conductive material. For example, it is possible to 
properly choose to use metals such as Ni, Cr, Au, Mo, 
W, Pt, Ti, Cu, Pd, and Ag, alloys of these metals, metal 
oxides such as In 2 03-Sn0 2 , and semiconductors 
such as polysilicon. The electrodes can be readily 
formed by using a combination of a film formation 
technique, such as vacuum vapor deposition, and a 
patterning technique, such as photolithography or 
etching. These electrodes can also be formed by us- 
ing some other methods (e.g., a printing process). 

The shape of the device electrodes 1102 and 
1103 is appropriately designed to meet the applica- 
tion purpose of the electron emission device. Gener- 
ally, an electrode distance L is designed by selecting 
an arbitrary value from the range from several hun- 
dred A to several hundred um. To apply the device to 
a display apparatus, the range from several jam to 
several ten urn is preferred. As a thickness d of the de- 
vice electrodes, an appropriate value is usually chos- 
en from the range from several hundred A to several 
jim. 

A fine-particle film is used as the thin conductive 
film 1104. A fine-particle film herein mentioned 
means a film (including an aggregate of islands) con- 
taining a large number of fine particles as the consti- 
tuting elements. When the fine-particle film is in- 
spected microscopically, a structure in which individ- 
ual fine particles are spaced apart from each other, 
adjacent to each other, or overlap each other is usu- 
ally observed. 



it is possible to check whether another change with 10 
time has occurred after the characteristic change 
check mode is executed the last time and before it is 
executed this time. According to the idea of the pres- 
ent invention, the point is that it is only necessary to 
be able to detect a change in the electron emission 15 
characteristic of the surface conduction electron 
emitting device by detecting a change in the device 
current of the device, thereby properly correcting the 
driving conditions of the device. 

20 

(Multiple Electron Beam Source) 

A method of manufacturing the multiple electron 
beam source used in the electron beam generating 
apparatus of the first embodiment and in the image 25 
display apparatus of the second embodiment will be 
described below. This multiple electron beam source 
for use in the image display apparatus of the present 
invention need only be an electron source in which 
surface conduction electron emitting devices are 30 
connected by simple matrix wiring. Therefore, the ma- 
terial, shape, and fabrication method of the surface 
conduction electron emitting devices are not particu- 
larly limited. The present inventors, however, have 
found that a surface conduction electron emitting de- 35 
vice whose electron emission portion or its peripheral 
portion is formed of a fine-particle film is excellent in 
electron emission characteristics and easy to fabri- 
cate. Therefore, surface conduction electron emitting 
devices of this type can be said to be best suited to 40 
use in the multiple electron beam source of a high- 
luminance, large-screen image display apparatus. 
For that reason, in the above embodiments, the sur- 
face conduction electron emitting devices whose 
electron emission portion or its peripheral portion is 45 
constructed of a fine-particle film are used. There- 
fore, the basic arrangement, fabrication method, and 
characteristics of a preferred surface conduction 
electron emitting device will be described first The 
structure of the multiple electron beam source in so 
which a large number of these devices are connected 
by simple matrix wiring will now be described. 

Preferred Device Construction and Fabrication 
Method of Surface Conduction Type Emission 55 
Device 

Planar and step type device constructions are 
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The particle size of the fine particles used in the 
fine-particle film ranges between several A and sev- 
eral thousand A. The particle size is most preferably 
1 0 to 200 A. The film thickness of the fine-particle film 
is properly set in consideration of various conditions; 5 
e.g., conditions required to electrically well connect 
the film to the device electrode 1102 or 1103, condi- 
tions required to successfully perform energization 
forming to be described later, and conditions required 
to set the electrical resistance of the fine-particle film 10 
itself to an appropriate value. More specifically, the 
film thickness is set between several A and several 
thousand A, most preferably between 10 A and 500 
A. 

Examples of materials usable in the formation of 15 
the fine-particle film are metals such as Pd, Pt, Ru, 
Ag, Au, Ti, In, Cu, Cr, Fe, Zn, Sn, Ta, W, and Pb; oxides 
such as PdO, Sn0 2 , ln 2 0 3 , PbO, and SD2O3; borides 
such as HfB 2 , ZrB 2 , LaB 6 , CeB 6 . YB 4 , and GdB 4 ; car- 
bides such as TiC, ZrC, HfC, TaC, SiC, and WC; nitr- 20 
ides such as TiN, ZrN, and HfN; semiconductors such 
as Si and Ge; and carbon. The material of the fine- 
particle film is properly selected from these materi- 
als. 

The thin conductive film 1104 is formed of the 25 
fine-particle film as described above. The sheet re- 
sistance of the thin conductive film 1104 is set within 
the range from 10 3 to 10 7 (Q/sq). 

Note that the thin conductive film 1104 and the 
device electrodes 1102 and 1103 partially overlap 30 
each other, since it is desirable that these portions be 
electrically connected well. In the arrangement 
shown in Figs. 12Aand 12B, the substrate, the device 
electrodes, and the thin conductive film are stacked 
in this order from the bottom. In some instances, it is 35 
also possible to stack the substrate, the thin conduc- 
tive film, and the device electrodes in the order 
named from the bottom. 

The electron emission portion 1105 is a fissure- 
like portion formed in a portion of the thin conductive 40 
film 1104. The electron emission portion 1105 has a 
higher resistance than that of the thin conductive film 
surrounding this portion. The fissure is formed by per- 
forming energization forming processing (to be de- 
scribed later) for the thin conductive film 1104. In 45 
some cases, fine particles with a particle size from 
several A to several hundred A are arranged within the 
fissure. Note that since it is difficult to precisely and 
correctly depict the position and shape of an actual 
electron emission portion, the portion is schematical- 50 
ly illustrated in Figs. 12Aand 12B. 

The thin film 1113 consists of carbon or a carbon 
compound and covers the electron emission portion 
1105 and its peripheral portion. The thin film 1113 is 
formed by performing energization activation proc- 55 
essing after the energization forming processing. 

The thin film 1113 consists of one of single-crys- 
tal graphite, polycrystalline graphite, and amorphous 
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carbon, or a mixture thereof. The film thickness of the 
thin film 1113 is 500 [A] or less, and more preferably 
300 [A] or less. 

Note that the thin film 1113 is schematically illu- 
strated in Figs. 12Aand 12B, since it is difficult to pre- 
cisely depict the position and shape of an actual thin 
film. Note also that the plan view of Fig. 12A shows 
the device from which a portion of the thin film 1113 
is removed. 

The basic arrangement of the preferred device 
has been described above. The following device was 
used in the embodiments. 

That is, soda lime glass was used as the sub- 
strate 1101, and a thin Nifilm was used as the device 
electrodes 1102 and 1103. The thickness d of the de- 
vice electrodes was set at 1,000 [A], and the elec- 
trode distance L was set at 2 [uin]. 

Pd or PdO was used as the principal material of 
the fine-particle film. The thickness of the fine- 
particle film was set to about 100 [A], and its width W 
was set to 100 [\xm]. 

A method of fabricating the preferred planar sur- 
face conduction electron emitting device will be de- 
scribed below. 

Figs. 13Ato 13E are sectional views for explain- 
ing the fabrication steps of the surface conduction 
electron emitting device. In Figs. 13A to 13E, the 
same reference numerals as in Figs. 12Aand 12B de- 
note the same parts. 

1) First, as shown in Fig. 13A, device electrodes 
1102 and 1103 are formed on a substrate 1101. 

In this formation, the substrate 1101 is suffi- 
ciently cleaned with a detergent, distilled water, 
and an organic solvent, and then the material of 
the device electrodes is deposited. The method 
of deposition can be a vacuum film formation 
technique, e.g., vapor deposition or sputtering. 
Thereafter, the deposited electrode material is 
patterned by using photolithography and etching 
techniques to form a pair of the device electrodes 
(1102 and 1103) shown in Fig. 13A. 

2) Subsequently, a thin conductive film 1104 is 
formed as in Fig. 13B. 

That is, an organic metal solution is coated 
and dried on the substrate in Fig. 13A, and sin- 
tered with heat to form a fine-particle film, and 
the film is then etched into a predetermined 
shape by photolithography and etching. The or- 
ganic metal solution is a solution of an organic 
metal compound containing as its main element 
the material of the fine particles used in the thin 
conductive film. More specifically, Pd was used 
as the major element in this embodiment. In ad- 
dition, dipping was used as the coating method in 
this embodiment, but another method such as a 
spinner method or a spray method can also be 
used. 

Also, as the method of forming the thin con- 
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ductive film consisting of the fine-particle film, 
vacuum vapor deposition, sputtering, or chemical 
vapor phase deposition is sometimes used in- 
stead of coating of an organic metal solution used 
in this embodiment. 5 
3) Subsequently, as in Fig. 13C, energization 
forming processing is performed by applying an 
appropriate voltage from a forming power supply 
1110 to the device electrodes 1102 and 1103, 
forming an electron emission portion 1105. 10 

The energization forming processing is to 
perform energization of the thin conductive film 
1104 formed of the fine-particle film to destroy, 
deform, or modify a portion of the film to a proper 
extent, thereby changing the film into a structure 15 
suitable for electron emission. An appropriate fis- 
sure is formed in the portion (i.e., the electron 
emission portion 11 05) of the thin conductive film 
consisting of the fine-particle film, which is 
changed to the structure suitable for electron 20 
emission. Note that the electrical resistance 
measured between the device electrodes 1102 
and 1 1 03 after the formation of the electron emis- 
sion portion 1105 increased significantly com- 
pared to that before the formation. 25 

To explain details of the energization meth- 
od, an example of the waveform of a voltage ap- 
plied from the forming power supply 1110 is illu- 
strated in Fig. 14. In energization forming a thin 
conductive film made of a fine-particle film, a 30 
pulse-like voltage is preferred. In this embodi- 
ment, triangular pulses with a pulse width T1 
were continuously applied at pulse intervals T2. 
During the application, a peak value Vpf of the tri- 
angular pulses was gradually increased. In addi- 35 
tion, monitor pulses Pm for monitoring the forma- 
tion state of the electron emission portion 1105 
were inserted between the triangular pulses at 
appropriate intervals, and the current flowing 
upon the insertion was measured by an ammeter 40 
1111. 

In this embodiment, in a vacuum atmos- 
phere of about 10- 6 [torr], the pulse width T1 was 
set to 1 [ms], the pulse interval T2 was set to 10 
[ms], and the peak value Vpf was increased by 45 
0.1 [V] for each pulse. The monitor pulse Pm was 
inserted each time five triangular pulses were ap- 
plied. To avoid an adverse effect on the energiza- 
tion forming processing, a voltage Vpm of the 
monitor pulse was set at 0. 1 [V]. The energization so 
for the energization forming processing was end- 
ed when the electrical resistance between the 
device electrodes 1102 and 1103 became 1 x 10 6 
[ft], i.e., when the current measured by the am- 
meter 1111 upon application of the monitor pulse 55 
became 1 x 10- 7 [A] or less. 

Note that the above method is a preferred 
method for the surface conduction electron emit- 



ting device of this embodiment Therefore, if the 
design of the surface conduction electron emit- 
ting device is altered, e.g., if the material or film 
thickness of the fine-particle film or the device 
electrode distance L is changed, it is desirable to 
properly change the energization conditions in 
accordance with the change. 
4) Subsequently, as illustrated in Fig. 13D, en- 
ergization activation processing is performed by 
applying an appropriate voltage from an activa- 
tion power-supply 1112 to the device electrodes 
1102 and 1103, thereby improving the electron 
emission characteristics. 
The energization activation processing is to apply 
a voltage under given conditions across the electron 
emission portion 1105 formed by the energization 
forming processing, thereby depositing carbon or a 
carbon compound near the electron emission portion 
1105. In Fig. 13D, a deposit of carbon or of a carbon 
compound is schematically illustrated as a member 
1113. Note that the energization activation process- 
ing can increase the emission current to be, typically, 
1 00 times that before the processing at the same ap- 
plied voltage. 

More specifically, by periodically applying vol- 
tage pulses in a vacuum atmosphere within the range 
from lOr 4 to 10- 5 [torr], carbon or a carbon compound 
originating from an organic compound present in the 
vacuum atmosphere is deposited . The deposit 1 1 1 3 is 
one of single-crystal graphite, polycrystalline graph- 
ite, and amorphous carbon, or a mixture thereof. The 
film thickness of the deposit 1113 is 500 [A] or less, 
more preferably 300 [A] or less. 

To explain the details of the energization method, 
an example of the waveform of a voltage applied from 
the activation power supply 1112 is shown in Fig. 15A. 
In this embodiment, the energization activation proc- 
essing was done by periodically applying a rectangu- 
lar wave at a fixed voltage. More specifically, a vol- 
tage Vac, a pulse width T3, and a pulse interval T4 of 
the rectangular wave were 14 [V], 1 [ms], and 10 [ms], 
respectively. Note that the above energization condi- 
tions were preferred conditions for the surface con- 
duction electron emitting device of this embodiment. 
If, therefore, the design of the surface conduction 
electron emitting device is changed, it is desirable 
that the conditions be properly altered in accordance 
with the change. 

In Fig. 13D, reference numeral 1114 denotes an 
anode electrode for capturing an emission current le 
from the surface conduction electron emitting device. 
The anode electrode 1114 is connected to a DC high- 
voltage power supply 1115 and an ammeter 1116. 
Note that the phosphor screen of the display panel is 
used as the anode electrode 1114 in performing the 
activation processing after the substrate 1101 is in- 
corporated into the display panel. 

While the activation power supply 1112 is apply- 



15 



«] 



29 



EP 0 661 726 A1 



30 



ing the voltage, the progress of the energization acti- 
vation processing is monitored by measuring the 
emission current le with the ammeter 1116, thereby 
controlling the operation of the activation power sup- 
ply 1112. Fig. 15B shows an example of the emission 
current le measured by the ammeter 1116. When the 
activation power supply 1112 starts applying the 
pulse voltage, the emission current le increases with 
time for some time and eventually saturates, i.e., be- 
comes almost unable to increase. When the emission 
current le is almost saturated, the voltage application 
from the activation power supply 1112 is stopped to 
end the energization activation processing. 

Note that the above voltage application condi- 
tions are preferred conditions for the surface conduc- 
tion electron emitting device of this embodiment. 
Therefore, if the design of the surface conduction 
electron emitting device is altered, the conditions also 
are desirably, appropriately altered in accordance 
with the change. 

In this manner, the planar surface conduction 
electron emitting device illustrated in Fig. 13E was 
fabricated. 

Step Type Surface Conduction Type Emission 
Device 

Another representative construction of the sur- 
face conduction electron emitting device in which an 
electron emission portion or its peripheral portion is 
formed of a fine- particle film, i.e., the construction of 
a step type surface conduction electron emitting de- 
vice will be described below. 

Fig. 16 is a schematic sectional view for explain- 
ing the basic arrangement of the step type device. In 
Fig. 16, reference numeral 1201 denotes a substrate; 
1202 and 1203, device electrodes; 1206, a step form- 
ing member; 1 204, a thin conductive film using a fine- 
particle film; 1205, an electron emission portion 
formed by energization forming processing; and 
1213, a thin film formed by energization activation 
processing. 

The difference of the step type device from the 
planar type device described above is that one (1 202) 
of the device electrodes is formed on the step forming 
member 1206 and the thin conductive film 1204 cov- 
ers the side surface of the step forming member 
1206. Therefore, the device electrode distance L in 
the planar type device shown in Figs. 12Aand 12B is 
set as a step height Ls of the step forming member 
1206 in the step type device. Note that the substrate 
1201, the device electrodes 1202 and 1203, and the 
thin conductive film 1204 using a fine-particle film 
can be made from the same materials as enumerated 
above in the description of the planar type device. 
Note also that an electrically insulating material, e.g., 
Si0 2 , is used as the step forming member 1206. 

A fabrication method of the dyrp type surface 



conduction electron emitting device will be described 
below. Figs. 17A to 17F are sectional views for ex- 
plaining the fabrication steps, in which the same ref- 
erence numerals as in Fig. 1 6 denote the same parts. 
5 1) First, as illustrated in Fig. 17A, a device elec- 

trode 1203 is formed on a substrate 1201. 

2) Subsequently, as shown in Fig. 17B, an insu- 
lating layer for forming a step forming member 
1206 is stacked. This insulating layer can be 

10 formed by stacking, e.g., Si0 2 by sputtering. An- 

other film formation method such as vacuum va- 
por deposition or printing also may be used. 

3) A device electrode 1202 is then formed on the 
insulating layer as in Fig. 17C. 

15 4) Subsequently, as in Fig. 1 7D, a portion of the 

insulating layer is removed by using, e.g., etch- 
ing, to expose the device electrode 1203. 

5) Thereafter, a thin conductive film 1204 using 
a fine-particle film is formed as shown in Fig. 

20 1 7E. The formation can be done by use of a film 

formation technique such as a coating method, 
as in the formation of the planar type device. 

6) Subsequently, as in the case of the planar type 
device, energization forming processing is per- 

25 formed to form an electron emission portion. This 

energization forming processing can be identical 
to that for the planar type device described above 
with reference to Fig. 1 3C. 

7) Lastly, energization activation processing is 
30 performed in the same fashion as in the planar 

type device, depositing carbon or a carbon com- 
pound near the electron emission portion. This 
energization activation processing can also be 
the same as in the planar type device described 
35 above with reference to Fig. 13D. 

As described above, the step type surface con- 
duction electron emitting device illustrated in Fig. 17F 
was fabricated. 

40 Characteristics of Surface Conduction Type 
Emission Device Used in Embodiments 

The device constructions and fabrication meth- 
ods of the planar and step type surface conduction 
45 electron emitting devices have been described 
above. The characteristics of the devices used in the 
embodiments will be described next. 

Fig. 18 shows typical examples of the (emission 
current le) vs. (device applied voltage Vf) character- 
so istic and the (device current If) vs. (device applied vol- 
tage Vf) characteristic of the devices used in the em- 
bodiments. Note that since the emission current le is 
significantly small compared to the device current If 
and consequently these currents are difficult to de- 
55 pict in the same scale, and since these characteristics 
change with changes in the design parameters, e.g., 
the size or shape of the devices, the two curves in Fig. 
18 are plotted in their respective arbitrary units. 
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The devices used in the display apparatus have 
the following three characteristics in relation to the 
emission current le. 

First, the emission current le abruptly increases 
upon application of a voltage equal to or higher than 
a certain voltage (called a threshold voltage Vth). On 
the other hand, at voltages lower than this threshold 
voltage Vth, almost no emission current le is detect- 
ed. 

That is, the device of the present invention is a 
nonlinear device having a distinct threshold. voltage 
Vth with respect to the emission voltage le. 

Second, since the emission current le changes in 
accordance with the voltage Vf applied to the device, 
the magnitude of the emission current le can be con- 
trolled by the voltage Vf. 

Third, the response speed of the current le emit- 
ted from the device is high with respect to the voltage 
Vf applied to the device. Therefore, the charge 
amount of electrons emitted from the device can be 
controlled by the length of the application time of the 
voltage Vf. 

The above characteristics of the surface conduc- 
tion electron emitting devices made it possible to suit- 
ably use the devices in display apparatuses. As an ex- 
ample, in a display apparatus in which a large number 
of these devices are provided in a one-to-one corre- 
spondence with the picture elements of the display 
screen, images can be displayed by sequentially 
scanning the display screen. That is, a given voltage 
equal to or higher than the threshold voltage Vth is ap- 
plied to devices being driven in accordance with a de- 
sired luminance, while a voltage lower than the 
threshold voltage Vth is applied to devices in a non- 
selected state. By sequentially switching devices to 
be driven, images can be displayed by sequentially 
scanning the display screen. 

Also, a multi-gradation display can be performed 
because the luminance can be controlled by using the 
second or third characteristic. 

Variations found in the characteristics of a plural- 
ity of surface conduction electron emitting devices 
will be described below with reference to Fig. 9. 

The plots in Fig. 9 indicate typical examples of va- 
riations in the characteristics of a plurality of surface 
conduction electron emitting devices. That is, Fig. 9 
illustrates initial variations which have already occur- 
red immediately after the fabrication, or variations 
caused by changes with time after the devices are 
driven for an arbitrary period of time. 

The curves plotted in Fig. 9 represent the (ap- 
plied voltage Vf vs. device current le) characteristic 
and the (applied voltage Vf vs. emission current le) 
characteristic of each of three devices A, B, and C. It 
is evident from Fig. 9 that a dose correlation exists 
between the device current If and the emission cur- 
rent le; generally, a device with a large device current 
If has a large emission current le. Assuming the ratio 



of the emission currents le of these devices at a given 
voltage V1 equal to or higher than the electron emis- 
sion threshold voltage Vth is leA : leB : ieC, this ratio 
nearly equals the ratio IfA : IfB : IfC of the device cur- 
5 rents If at that voltage. This ratio is also almost equal 
to the ratio IfA' : IfB' : IfC' of the device currents at a 
voltage lower than the electron emission threshold 
voltage Vth. 

This property can be said to be inherent in the 
10 surface conduction electron emitting device; i.e., the 
property cannot be found in other cold and thermionic 
cathode devices such as FE devices and MIM devic- 
es. The present invention positively takes advantage 
of this property of the surface conduction electron 
15 emitting device. That is, as described earlier, initial 
variations or changes with time are detected by 
measuring the device current If in the electron beam 
generating apparatus of the first embodiment or in 
the image display apparatus of the second em bod i- 
20 ment. 

Note that as described above, even at voltages 
lower than the electron emission threshold voltage 
Vth, it is possible to detect initial variations or changes 
with time in the device characteristics by measuring 

25 the device currents. By measuring the device current 
at such a low voltage, it is possible to prevent gener- 
ation of unnecessary electron beams in an electron 
beam generating apparatus, and to prevent emission 
of unnecessary light in an image display apparatus. 

30 The power consumed in the check can also be low. 
In the first and second embodiments described 
above, therefore, the device current If was measured 
by applying a voltage Vtest lower than the electron 
emission threshold voltage Vth. Note that if the meas- 

35 urement voltage Vtest is too low, in some cases, the 
absolute value of the device current If becomes small 
to result in degradation of measurement accuracy. 
Therefore, Vtest is preferably set within the range of, 
e.g., Vth/2 < Vtest < Vth. 

40 

Structure of Multiple Electron Beam Source in 
Which a Plurality of Devices Are Connected by 
Simple Matrix Wiring 

45 The structure of a multiple electron beam source 

in which the surface conduction electron emitting de- 
vices described above are arranged on a substrate 
and connected by simple matrix wiring will be descri- 
bed below. 

so Fig. 1 9 shows a plan view of the multiple electron 

beam source used in the display panel illustrated in 
Fig. 10. On the substrate, surface conduction elec- 
tron emitting devices identical to the one illustrated in 
Figs. 12Aand 12B are arranged. These surface con- 

55 duction electron emitting devices are connected in a 
simple matrix manner by row-direction wiring electro- 
des 1003 and column-direction wiring electrodes 
1 004. An interelectrode insulating layer (not shown) is 
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formed at each intersection of the row- and column- 
direction wiring electrodes 1003 and 1004 to keep an 
electrical insulation. 

Fig. 20 shows the section taken along the line A 
-A' in Fig. 19. 5 

The multiple electron beam source with this 
structure was manufactured by forming the row-di- 
rection wiring electrodes 1003, the column-direction 
wiring electrodes 1004, the interelectrode insulating 
layer (not shown), and the device electrodes and the 10 
thin conductive film of each surface conduction elec- 
tron emitting device on the substrate, and performing 
energization forming processing and energization ac- 
tivation processing by supplying power to the individ- 
ual devices through the row- and column-direction 15 
wiring electrodes 1003 and 1004. 

(Arrangement and Manufacturing Method of 
Display Panel) 

20 

The arrangement and the manufacturing method 
of the display panel 41 used in the second embodi- 
ment will be described below by using a practical ex- 
ample. 

Fig. 1 0 is a perspective view of the display panel 25 
41 used in the second embodiment, in which a portion 
of the panel is cut away to show the internal structure. 

In Fig. 10, reference numeral 1 005 denotes a rear 
plate; 1 006, a side wall; and 1 007, a faceplate. These 
members 1005 to 1007 form an airtight vessel for 30 
maintaining the interior of the display panel in a va- 
cuum. In assembling the airtight vessel, sealing must 
be performed to allow the connected portion of each 
member to keep a sufficient strength and airtight- 
ness. This sealing was achieved by coating, e.g., frit 35 
glass on each connected portion and sintering the re- 
sultant structure in an outer atmosphere or in a nitro- 
gen atmosphere at 400 to 500°C for 10 minutes or 
more. A method of evacuating the airtight vessel will 
be described later. 40 

A substrate 1001 is fixed to the rear plate 1005, 
and N x M surface conduction electron emitting de- 
vices 1002 are formed on the substrate 1001 . (N and 
M are positive integers of 2 or more and are properly 
set in accordance with the intended number of display 45 
pixels. In a display apparatus for a high-definition tel- 
evision purpose, for example, it is desirable that N = 
3000 or more and M = 1000 or more. In this embodi- 
ment, N = 3072 and M = 1 024.) The NxM surface con- 
duction electron emitting devices are connected by so 
simple matrix wiring by the M row-direction lines 1 003 
and the N column-direction lines 1004. A portion con- 
stituted by the members 1 001 to 1004 is called a mul- 
tiple electron beam source. Note that the manufactur- 
ing method and the structure of the multiple electron 55 
beam source are already described in detail in the 
preceding section and therefore will be omitted. 

In the display panel, the substrate 1001 of the 
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multiple electron beam source is fixed to the rear 
plate 1005 of the airtight vessel. However, if the sub- 
strate 1001 of the multiple electron beam source has 
a sufficient strength, the substrate 1001 itself of the 
multiple electron beam source can be used as the 
rear plate of the airtight vessel. 

A phosphor film 1008 is formed on the lower sur- 
face of the faceplate 1007. Since this embodiment is 
a color display apparatus, phosphors of three primary 
colors, i.e., red, green, and blue, used in the field of 
CRTs, are separately coated as the phosphor film 
1008. As illustrated in Fig. 11 A, these phosphors of 
three colors are separately coated into stripes, and a 
black conductors 1010 are provided between the 
phosphor stripes. This black conductor 1010 is pro- 
vided for the purposes of preventing color misregis- 
tration even if the irradiation position of an electron 
beam slightly shifts, preventing a decrease in the dis- 
play contrast by preventing deflection of external 
light, and preventing charge-up of the phosphor film 
caused by an electron beam. Although graphite was 
used as the major component of the black conductor 
1010, some other material can also be used as long 
as the material meets the above purposes. 

The coating form of the phosphors of three pri- 
mary colors is not limited to the stripe-like arrange- 
ment illustrated in Fig. 11 A. For example, the coating 
form can be a delta-like arrangement as shown in Fig. 
1 1 B or some other arrangement. 

Note that in the formation of a monochromatic 
display panel, any black conductor material need not 
be used since it is only necessary to use a monochro- 
matic phosphor material as the phosphor film 1008. 

On the surface of the phosphor film 1 008 on the 
rear plate side, a metallized screen 1009 well-known 
in the field of CRTs is formed. The metallized screen 
1009 is formed for the purposes of improving the light 
use efficiency by mirror-surface-reflecting a portion 
of the light emitted by the phosphor film 1008, and 
protecting the phosphor film 1008 from collisions of 
negative ions. Also, the metallized screen 1009 is 
made operate as an electrode for applying an elec- 
tron beam acceleration voltage and as a conductive 
path for electrons that have excited the phosphorf ilm 
1008. After the phosphor film 1008 is formed on the 
faceplate substrate 1001, the metallized screen 1009 
is formed by smoothening the surface of the phos- 
phor film and vapor-depositing Al on the surface in a 
vacuum. Note that the metallized screen 1009 is un- 
necessary when a low-voltage phosphor material is 
used as the phosphor film 1008. 

Although not used in this embodiment, a trans- 
parent electrode constructed of, e.g., ITO can also be 
formed between the faceplate substrate 1007 and the 
phosphor film 1008 to apply the acceleration voltage 
or to improve the conductivity of the phosphor film. 

Reference symbols D x1 to D y1 to D yn and Hv 
denote electrical connection terminals with the air- 



18 



35 EPO 

tight structure, which are provided to electrically con- 
nect this display panel to an electric circuit (not 
shown). The terminals D x1 to D xm are electrically con- 
nected to the row-direction lines 1003 of the multiple 
electron beam source, the terminals D y1 to Dyn are 
electrically connected to the column-direction lines 
1 004 of the multiple electron beam source, and the 
terminal Hv is electrically connected to the metallized 
screen 1009 of the faceplate. 

To evacuate the airtight vessel, an exhaust pipe 
and a vacuum pump (neither are shown) are connect- 
ed to the airtight vessel after the vessel is assembled, 
and the vessel is evacuated to a vacuum degree of 
about 10~ 7 [torr]. Thereafter, the exhaust pipe is 
sealed. To maintain the vacuum degree in the airtight 
vessel, a getter film (not shown) is formed immediate- 
ly before or after the sealing. The getterfilm is formed 
by vapor-depositing a getter material containing Ba 
as its main constituent with heat by using a heater or 
RF heating. By the adsorbing action of this getterfilm, 
the interior of the airtight vessel is held at a vacuum 
degree of 1 x 10~ 5 to 1 x 10~ 7 [torr]. 

The basic arrangement and the manufacturing 
method of the display panel 41 of the second embodi- 
ment are described above. 

(3rd Embodiment) 

Fig. 21 is a block diagram showing an embodi- 
ment of a multifunction display apparatus which uses 
the image display apparatus of the second embodi- 
ment and can display image information provided by 
various image information sources such as television 
broadcasting. 

In Fig. 21, reference numerals 2100 denotes an 
image display apparatus of the second embodiment; 
2101, a display panel driver; 2102, a display control- 
ler; 2103, a multiplexer 2104, a decoder 21 05, an I/O 
interface circuit; 2106, a CPU; 2107, an image gen- 
erator; 2108, 2109, and 2110, image memory inter- 
face circuits; 2111, an image input interface circuit; 
2112 and 2113, TV signal receivers; and 2114, an in- 
put unit 

When this display apparatus is to receive a signal 
containing both video information and audio informa- 
tion, e.g., a television signal, the apparatus displays 
images and, of course, reproduces voices at the 
same time. However, a description of circuits and 
loudspeakers for reception, separation, reproduction, 
processing, and storage of voice information will be 
omitted, since these parts are not directly related to 
the characteristic features of the present invention. 

The functions of the individual parts will be de- 
scribed below following the flow of an image signal. 

The TV signal receiver 21 1 3 is a circuit for receiv- 
ing a TV image signal transmitted using a radio trans- 
mission system such as radio waves or space optical 
communication. The system of the TV signal to be re- 
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ceived is not particularly limited. Examples are 
NTSC, PAL, and SECAM. A TV signal (e.g., a so-cal- 
led high-definition TV signal such as the one of 
MUSE) consisting of a larger number of scanning 

5 lines than those of the systems enumerated above is 
a signal source suited to take advantage of the full 
performance of the above display panel which is pre- 
ferable in increasing the screen area and the number 
of pixels. The TV signal received by the TV signal re- 

w ceiver 211 3 is output to the decoder 2104. 

The TV signal receiver 211 2 is a circuit for receiv- 
ing a TV image signal transmitted using a cable trans- 
mission system such as a coaxial cable or an optical 
fiber. As in the case of the TV signal receiver 211 3, the 

15 system of the TV signal to be received is not particu- 
larly limited. The TV signal received by this circuit is 
also output to the decoder 2104. 

The image input interface circuit 2111 receives an 
image signal supplied from an image input device 

20 such as a TV camera or an image reading scanner. 
The received image signal is output to the decoder 
2104. 

The image memory interface circuit 2110 re- 
ceives an image signal stored in a video tape recorder 

25 (to be abbreviated as a VTR hereinafter). The re- 
ceived image signal is output to the decoder 2104. 

The image memory interface circuit 2109 re- 
ceives an image signal stored in a video disk. The re- 
ceived image signal is output to the decoder 2104. 

30 The image memory interface circuit 2108 re- 

ceives an image signal from a device storing still im- 
age data, such as a so-called still image disk. The still 
image data received is output to the decoder 21 04. 
The I/O interface circuit 2105 connects this dis- 

35 play apparatus to an external computer or computer 
network or to an output apparatus such as a printer. 
The I/O interface circuit 2105 performs input/output 
of image data and character.graphic information. In 
some cases, the I/O interface circuit 2105 can also 

40 perform input/output of control signals and numerical 
data between the CPU 2106 of this display apparatus 
and an external equipment. 

The image generator 21 07 generates image data 
to be displayed on the basis of image data or charac- 

45 ter^graphic information that is externally input via the 
I/O interface circuit 2105, or on the basis of output im- 
age data or character*graphic information from the 
CPU 2106. The image generator 2107 incorporates 
circuits required for generation of images, such as a 

so programmable memory for storing image data or 
characters raphic information, a read-only memory 
which stores image patterns corresponding to char- 
acter codes, and a processor for performing image 
processing. 

55 The image data to be displayed generated by the 

image generator 2107 is output to the decoder 2104. 
In some instances, it is also possible to output the 
data to an external computer network or a printer via 
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the I/O interface circuit 2105. 

The CPU 2106 primarily controls the operation of 
this display apparatus and performs works concern- 
ing generation, choice, and edit of images to be dis- 
played. 5 

For example, the CPU 21 06 outputs a control sig- 
nal to the multiplexer 2103 to properly select and 
combine image signals to be displayed on the display 
panel. During the processing, the CPU 2106 also out- 
puts a control signal to the display panel controller 10 
2102 in accordance with the image signals to be dis- 
played, thereby appropriately controlling the operat- 
ing conditions of the display apparatus, e.g., the 
screen display frequency, the scanning method (e.g., 
interlace or non interlace), and the number of scan- 15 
ning lines in one frame. 

In addition, the CPU 2106 directly outputs image 
data or character*graphic information to the image 
generator 2107, or receives image data or charac- 
ter^graphic information by accessing an external 20 
computer or memory via the I/O interface circuit 21 05. 

Note that the CPU 2106, of course, can partici- 
pate in works for some other purposes. As an exam- 
ple, the CPU 2106 can directly take part in a function 
of generating or processing information, as in a per- 25 
sonal computer or a word processor. 

Also, the CPU 2106 can be connected to an ex- 
ternal computer network via the I/O interface circuit 
2105 as described above to perform works such as 
numerical computations in cooperation with the exter- 30 
nal equipment. 

The input unit 21 14 is used by an operator to input 
commands, programs, or data to the CPU 2106. It is 
possible to use various input devices such as a key- 
board, a mouse, a joy stick, a bar-code reader, and a 35 
voice recognition device. 

The decoder 21 04 is a circuit for decoding various 
input image signals from the image circuits 2107 to 
2113 into signals of three primary colors, or into a lu- 
minance signal and I and Q signals. As indicated by 40 
the dotted lines in Fig. 21, it is desirable that the de- 
coder 2104 include an internal image memory. This 
is so because TV signals such as MUSE signals 
which require an image memory in decoding are han- 
dled in this apparatus. The image memory also 45 
makes still images easier to display. Another advan- 
tage to the use of the image memory is that the image 
memory facilitates image processing and edit, such 
as thinning, interpolation, enlargement, reduction, 
and synthesis of images, in cooperation with the im- so 
age generator 2107 and the CPU 2106. 

The multiplexer 21 03 properly selects an image 
to be displayed on the basis of the input control signal 
from the CPU 2106. That is, the multiplexer 21 03 se- 
lects a desired image signal from the input image sig- 55 
nals decoded by the decoder 2104 and outputs the 
selected signal to the driver 2101. In this case, it is 
possible to divide a frame into a plurality of regions 
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and display different images in these regions, as in a 
so-called multi-screen television system, by switch- 
ing image signals within a display time of one frame. 

The display panel controller 21 02 controls the op- 
eration of the driver 2101 on the basis of the input con- 
trol signal from the CPU 2106. 

That is, to control the basic operation of the dis- 
play panel, the display panel controller 2102 outputs 
to the driver 2101 a signal for controlling the operation 
sequence of a power supply (not shown) for driving 
the display panel. 

In addition, to control the display panel driving 
method, the display panel controller 2102 outputs a 
signal for controlling the screen display frequency or 
the scanning method (e.g., interlace or noninterlace) 
to the driver 2101. 

Also, depending on the situation, the display pan- 
el controller 2102 outputs to the driver 2101 control 
signals for adjusting the image quality, e.g., the 
brightness, contrast, tone, or sharpness of display im- 
ages. 

The driver21 01 is a circuit forgenerating a driving 
signal to be applied to the display panel 2100. The 
driver 2101 operates on the basis of the input image 
signal from the multiplexer 21 03 and the input control 
signal from the display panel controller 2102. 

The functions of the individual parts have been 
described above. With the arrangement illustrated in 
Fig. 21, this multifunction display apparatus can dis- 
play input image information from various image in- 
formation sources on the display panel 2100. 

More specifically, various image signals such as 
TV broadcasting signals are decoded by the decoder 
2104, properly selected by the multiplexer 2103, and 
applied to the driver 21 01 . The display controller 21 02 
generates a control signal for controlling the opera- 
tion of the driver 2101 in accordance with the image 
signal to be displayed. On the basis of the image sig- 
nal and the control signal, the driver 2101 applies the 
driving signal to the display panel 2100. 

Consequently, the image is displayed on the dis- 
play panel 21 00. Aseries of these operations are con- 
trolled by the CPU 2106. 

Also, in this multifunction display apparatus, the 
internal image memory of the decoder 2104, the im- 
age generator 2107, and the CPU 2106 operate in co- 
operation with each other. This makes it possible not 
only to simply display a selected one of a plurality of 
pieces of image information but also to perform im- 
age processing such as enlargement, reduction, rota- 
tion, movement, edge emphasis, thinning, interpola- 
tion, color conversion, and aspect ratio conversion, 
and image edit such as synthesis, erasure, connec- 
tion, switching, and pasting. Furthermore, although 
not particularly touched upon in the description of this 
embodiment, dedicated circuits for performing proc- 
essing and edit for voice information can also be pro- 
vided, as well as those for the image processing and 
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image edit described above. 

This multifunction display apparatus, therefore, 
can singly serve as a television broadcasting display 
apparatus, a terminal of a television conference, an 
image edit apparatus for processing still and motion 5 
images, a display of a computer, an office terminal 
equipment such as a word processor, and a game ma- 
chine. That is, this multifunction display apparatus 
can be used as either an industrial or consumer sys- 
tem in an extremely wide range of applications. 10 

Note that Fig. 21 shows only one practical exam- 
ple of the arrangement of the multifunction display 
apparatus, so the apparatus, of course, is not limited 
to this example. For instance, circuits for functions 
unnecessary to the intended use may be omitted 15 
from the arrangement illustrated in Fig. 21. Con- 
versely, other constituent elements may be added to 
the arrangement depending on the intended applica- 
tion. As an example, when this display apparatus is 
to be applied to a television telephone set, it is prefer- 20 
able to add to the arrangement a TV camera, a micro- 
phone, an illuminator, and a transmitter/receiver cir- 
cuit including a modem. 

In this multifunction display apparatus, the dis- 
play panel using the surface conduction electron 25 
emitting devices as electron beam sources can be 
readily made thin. Consequently, the depth of the en- 
tire display apparatus can be decreased. In addition, 
the display panel using the surface conduction elec- 
tron emitting devices as electron beam sources can 30 
be readily increased in screen size and has a high lu- 
minance and a wide viewing angle. Therefore, this 
display apparatus can display real, impressive im- 
ages with a high visibility. 

According to the present invention, as has been 35 
described above, in an electron beam generating ap- 
paratus or an image display apparatus including a 
large number of surface conduction electron emitting 
devices, it is possible to correct variations in the elec- 
tron emission characteristics of the surface conduc- 40 
tion electron emitting devices in the initial stages af- 
ter the fabrication. 

In addition, by focusing attention on the inherent 
characteristic of the surface conduction electron 
emitting device, i.e., the close correlation between 45 
the device current and the emission current, the pres- 
ent invention makes it possible to detect a change 
with time of the surface conduction electron emitting 
device with a very simple circuit configuration. That 
is, in measuring the device current of the surface con- so 
duction electron emitting device, the present inven- 
tion requires neither an ammeter nor a luminance me- 
ter which withstands high voltages, unlike in meas- 
urement of the emission current or the luminance of 
the display screen. Consequently, a change in the 55 
characteristic of each device can be readily detected. 

In the present invention, a correction value for 
driving conditions is adjusted if a change with time is 
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detected. This allows each surface conduction elec- 
tron emitting device to output a proper electron beam 
for a long period of time. As a consequence, the per- 
formance of an electron beam generating apparatus 
or of an image display apparatus can be kept stable 
over a long time period. 

As many apparently widely different embodi- 
ments of the present invention can be made without 
departing from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the spe- 
cific embodiments thereof except as defined in the 
appended claims. 



Claims 

1. An electron beam generating apparatus for an 
electron beam source including surface conduc- 
tion electron emitting devices formed on a sub- 
strate, comprising: 

measuring means for measuring a device 
current flowing through each of said surface con- 
duction electron emitting devices; 

device current storage means for storing 
data measured by said measuring means; 

comparing means for comparing latest 
data measured by said measuring means with the 
data stored in said device current storage means; 

correction value storage means for storing 
a correction value for correcting a driving signal 
to be applied to each surface conduction electron 
emitting device; and 

adjusting means for adjusting the correc- 
tion value stored in said correction value storage 
means. 

2. An apparatus according to claim 1, wherein said 
measuring means measures the device current 
by applying a voltage lower than an electron 
emission threshold voltage of said surface con- 
duction electron emitting devices. 

3. An apparatus according to claim 1 , wherein 

said surface conduction electron emitting 
devices are connected in a matrix manner by row- 
direction lines and column-direction lines, 

the driving signal to be applied to said sur- 
face conduction electron emitting devices in- 
cludes a scan signal applied from said row-direc- 
tion lines and a modulated signal applied from 
said column-direction lines, and 

the modulated signal is corrected by the 
correction value stored in said correction value 
storage means. 

4. An image display apparatus including surface 
conduction electron emitting devices formed on 
a substrate and a phosphor which emits visible 
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light when irradiated with an electron beam, com- 
prising: 

measuring means for measuring a device 
current flowing through each of said surface con- 
duction electron emitting devices; 5 

device current storage means for storing 
data measured by said measuring means; 

comparing means for comparing latest 
data measured by said measuring means with the 
data stored in said device current storage means; 10 

correction value storage means for storing 
a correction value for correcting a driving signal 
to be applied to each surface conduction electron 
emitting device; and 

adjusting means for adjusting the correc- 15 
tion value stored in said correction value storage 
means. 

5. An apparatus according to claim 4, wherein said 
measuring means measures the device, current 20 
by applying a voltage lower than an electron 
emission threshold voltage of said surface con- 
duction electron emitting devices. 

6. An apparatus according to claim 4, wherein 25 

said surface conduction electron emitting 
devices are connected in a matrix manner by row- 
direction lines and column-direction lines, 

the driving signal to be applied to said sur- 
face conduction electron emitting devices in- 30 
eludes a scan signal applied from said row-direc- 
tion lines and a modulated signal applied from 
said column-direction lines, and 

the modulated signal is corrected by the 
correction value stored in said correction value 35 
storage means. 

7. A method of driving an image display apparatus 
including surface conduction electron emitting 
devices formed on a substrate, a phosphor which 40 
emits visible light when irradiated with an elec- 
tron beam, measuring means for measuring a de- 
vice current flowing through each of said surface 
conduction electron emitting devices, device cur- 
rent storage means for storing data measured by 45 
said measuring means, comparing means for 
comparing latest data measured by said measur- 
ing means with the data stored in said device cur- 
rent storage means, correction value storage 
means for storing a correction value for correct- so 
ing a driving signal to be applied to each surface 
conduction electron emitting device, and adjust- 
ing means for adjusting the correction value stor- 
ed in said correction value storage means, com- 
prising the steps of: 55 

causing said device current storage 
means to store measured values of device cur- 
rents in initial stages after fabrication of said sur- 



face conduction electron emitting devices; 

causing said correction value storage 
means to store, as an initial value, a correction 
value determined on the basis of the measured 
value of the initial device current of each surface 
conduction electron emitting device; 

causing said device current measuring 
means to measure the device current after an im- 
age is displayed for an arbitrary time period; 

causing said comparing means to com- 
pare latest data measured by said device current 
measuring means after driving for the arbitrary 
time period with the data stored in said device 
current storage means; and 

causing said adjusting means to adjust the 
correction value stored in said correction value 
storage means if the comparison result exceeds 
a predetermined range. 

8. A method of driving an image display apparatus 
including surface conduction electron emitting 
devices formed on a substrate, a phosphor which 
emits visible light when irradiated with an elec- 
tron beam, measuring means for measuring a de- 
vice current flowing through each of said surface 
conduction electron emitting devices, device cur- 
rent storage means for storing data measured by 
said measuring means, comparing means for 
comparing latest data measured by said measur- 
ing means with the data stored in said device cur- 
rent storage means, correction value storage 
means for storing a correction value for correct- 
ing a driving signal to be applied to each surface 
conduction electron emitting device, and adjust- 
ing means for adjusting the correction value stor- 
ed in said correction value storage means, com- 
prising the steps of: 

causing said device current storage 
means to store measured values of device cur- 
rents in initial stages after fabrication of said sur- 
face conduction electron emitting devices; 

causing said correction value storage 
means to store, as an initial value, a correction 
value determined on the basis of a measured val- 
ue of an initial emission current of each surface 
conduction electron emitting device; 

causing said device current measuring 
means to measure the device current after an im- 
age is displayed for an arbitrary time period; 

causing said comparing means to com- 
pare latest data measured by said device current 
measuring means after driving for the arbitrary 
time period with the data stored in said device 
current storage means; and 

causing said adjusting means to adjust the 
correction value stored in said correction value 
storage means if the comparison result exceeds 
a predetermined range. 
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9. A method of driving an image display apparatus 
including surface conduction electron emitting 
devices formed on a substrate, a phosphor which 
emits visible light when irradiated with an elec- 
tron beam, measuring means for measuring a de- 5 
vice current flowing through each of said surface 
conduction electron emitting devices, device cur- 
rent storage means for storing data measured by 
said measuring means, comparing means for 
comparing latest data measured by said measur- 10 
ing means with the data stored in said device cur- 
rent storage means, correction value storage 
means for storing a correction value for correct- 
ing a driving signal to be applied to each surface 
conduction electron emitting device, and adjust- 1 5 
ing means for adjusting the correction value stor- 
ed in said correction value storage means, com- 
prising the steps of: 

causing said device current storage 
means to store measured values of device cur- 20 
rents in initial stages after fabrication of said sur- 
face conduction electron emitting devices; 

causing said correction value storage 
means to store, as an initial value, a correction 
value determined on the basis of a measured val- 25 
ue of luminance obtained when each surface 
conduction electron emitting device emits an 
electron beam onto said phosphor; 

causing said device current measuring 
means to measure the device current after an i m- 30 
age is displayed for an arbitrary time period; 

causing said comparing means to com- 
pare latest data measured by said device current 
measuring means after driving for the arbitrary 
time period with the data stored in said device 35 
current storage means; and 

causing said adjusting means to adjust the 
correction value stored in said correction value 
storage means if the comparison result exceeds 
a predetermined range. 40 

10. A display apparatus comprising a plurality of sur- 
face conduction electron emitting devices includ- 
ing means for varying the drive signals applied to 
each device dependent on the characteristics of 45 
the device. 

11. A method of driving a display apparatus compris- 
ing a plurality of surface conduction electron 
emitting devices including the step of varying the 50 
drive signals applied to each device dependent 

on the characteristics of the device. 
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